Introduction 32
Differences in the ecological niches of animals are often reflected in their feeding ecology, such 33 as food habits, food handling, and habitat preferences (Begon et al. 1996; Feldhamer et al. 2003) . 34
With respect to seed dispersal, sympatric frugivores showing different food habits might vary in their 35 efficacy as seed dispersers, both in terms of quantity (the number of seeds dispersed) and quality (the 36 number of plant species, proportion of intact seeds, and germination rate). Such variation is highly 37 relevant to the structuring of forest ecosystems. To evaluate the contribution of each animal species 38 in the dispersal of seeds of a given plant species, we must conduct inter-specific comparisons 39 regarding the characteristics of seed dispersal. So far, numerous comparative studies have been 40 conducted for avian seed dispersers (Herrera 1984; Fukui 1996) , but few have focused on the 41 seed-dispersing roles played by mammals (but see Koike et al. 2008) . 42
Mustelids (family Mustelidae) are small-to medium-sized carnivorous mammals with a wide 43 distribution (Feldhamer et al. 2003) . These animals play the roles of middle-level to top predators in 44 boreal and temperate regions (Buskirk et al. 1994) . Mustelids feed on animal materials as well as 45 fruits (Rosalino and Santos-Reis 2009), and therefore exhibit the potential to disperse seeds that pass 46 unaffected through their digestive tracts (endozoochory) (Koike and Masaki 2008) . However, with 47 the exception of martens (Martes spp.) (Wilson 1993; Hickey et al. 1999; Otani 2002; Zhou et al. 48 as the number of seeds contained in fecal samples and the percentage of seeds that are destroyed, 50 both of which serve as quantitative indices of the efficacy of seed dispersal. 51
We examined seed dispersal in two mustelid species, the Japanese marten Martes melampus and 52 the Japanese weasel Mustela itatsi (hereafter marten and weasel, respectively). Both are endemic to 53 Japan and live sympatrically in the forests of the eastern part of Honshu Island (Ohdachi et al. 2009) , 54 though they differ in many respects, including body weight ( ca. 1000-1500 g for martens and 52.5-97.9% (Nakamura et al. 2001) ), whereas weasels are not (percentages of absolute occurrence of 60 fruit in feces: 1.6-22.2% (Yukawa 1968); 3.9-8.9% (Sekiguchi et al. 2002) ). 61
In this study, we aimed to investigate the effect of food/habitat preference of martens and 62 weasels on their seed dispersal characteristics. We predict that the semi-arboreal/frugivorous martens 63 would swallow and excrete a more diverse array and/or greater amount of intact seeds than would 64 the terrestrial/carnivorous weasels. 65
The study was conducted along the Bonbori Forest Path (36º N, 139º E) between Hachioji City 69 and Akiruno City, approximately 50 km west of Tokyo (Fig. 1) . The path is ca. 10 km in length and 70 ca. 5 m wide, and is almost entirely asphalt-paved. Much of the land surrounding the study site has 71 been developed over the past few decades (Nakamura et al. 2001) . The mean annual precipitation 72 and temperature at Hachioji, the nearest weather station to the study site, is 1581.7 mm and 14.1°C 73 (range: -2.0°C to 30.3°C), respectively (Japan Meteorological Agency, 74 http://www.jma.go.jp/jma/index.html). The study site is seldom covered by snow, although snow 75 does occasionally fall during winter. The area is mostly covered with forest vegetation with flowing 76 streams (Fig. 1) . The vegetation at the study site is dominated by deciduous-coniferous mixed 77 natural forest, as well as planted coniferous forest species such as Cryptomeria japonica and 78
Chamaecyparis obtusa (Nakamura et al. 2001) . In addition to martens and weasels, several 79 carnivorous mammal species, such as red foxes (Vulpes vulpes) and raccoon dogs (Nyctereutes 80 procyonoides), inhabit the study site. 81 ( Fig. 1 should appear 
Fecal analyses 99
Defrosted feces were washed through a 0.5-mm-mesh sieve and any seeds remaining in the 100 sieve were identified and counted. Seed identification was based on Nakayama et al. (2000) . Using 101 the vernier caliper, we measured the maximum length of five seeds for each plant species to the 102 nearest 0.05 mm. We also weighed five dry seeds for each plant species using an electric balanceto count directly, so we removed as much of the non digested remains as possible and subsequently 105 counted the seeds in a 1-g sub-sample to estimate the total number of seeds contained within the 106 whole sample. In order to minimize the risk of over/underestimating the seed number, we 107 homogenized the whole sample before sub-sampling. We were only able to measure the size and 108 weight of Elaeagnus sp. (Elaeagnaceae) seeds, and the weight of Rosa multiflora (Rosaceae) seeds 109 once, due to their paucity in our samples. 110
111

Statistical analyses 112
In accordance with Nakamura et al. and winter (Dec-Feb Dec 2007 and Jan-Feb 2008) . We employed Mann-Whitney U-tests to test for 115 a difference between mustelids in mean seed size (mean seed length) and mean seed weight. We 116 compared the frequency of seed occurrence (in relation to the number of fecal samples analyzed) 117 between the two mustelids for each season using a chi-square goodness-of-fit test. Finally, we 118 employed the generalized linear models (GLMs) to test for effects of season, mustelids species, and 119 their interaction on the number of seeds of each plant species, the total number of seeds in a single 120 fecal sample, and the mean number of plant species whose seeds were found within the feces. Wesignificance levels (α) were set at 0.05. All data analyses were carried out using the statistical 123 software R. 2.9.1 (R Development Core Team 2009). 124
Results 126
Composition of seeds consumed by the martens 127
In total, we collected 560 fecal samples over the study period, but excluded 82 samples whose 128 D max ranged from 7.2 mm to 8.7 mm, thus not allowing us to distinguish their specific origin. We 129 analyzed 381 samples that we classified as marten feces (Table 1 ). The total proportion of fecal 130 samples that contained seeds was 81.4% (310/381). The proportions of seeds in fecal samples were 131 relatively lower in spring (67.2%, 41/61) and summer (57.5%, 23/40), and relatively higher in fall 132 (95.3%, 61/64) and winter (85.6%, 185/216). We identified the seeds of 28 plant species from the 133 feces of martens, including 23 woody species and five herbaceous species (Table 2 ). The martens 134 ingested seeds of wild species, as well as those of the fruit cultivars Citrus junos (Rutaceae) and 135
Diospyros kaki (Ebenaceae). The number of plant species whose seeds were found within feces of 136 the martens was greatest in winter (17 species), followed by spring and fall (13 species each), and 137 lowest in summer (five species) ( Table 1 ). The mean (±SD) seed length and seed weight were 138 4.56±3.74 mm (range: 1.30-11.80) and 44.4±72.7 mg (range: 0.7-336.0), respectively. The totalin which marten fecal samples contained destroyed seeds: two Celtis sinensis (Ulmaceae) seeds 141 found in the spring and winter, and one Hovenia dulcis (Rhamnaceae) seed found in the winter. Thus, 142 almost all seeds found within the fecal samples were intact. 143
144
Composition of seeds swallowed by weasels 145
In total, we analyzed 97 fecal samples attributed to weasels during the study period (Table 1) . 146
The total proportion of fecal samples that contained seeds was 55.7% (54/97). These proportions 147 were relatively lower in spring (44.5%, 10/23) and summer (40.0%, 6/15), and relatively higher in 148 the fall (63.6%, 7/11) and winter (64.6%, 31/48). We identified the seeds of 17 plant species, 149 including 16 woody species and one herbaceous species, within the fecal samples of the weasels 150 (Table 2 ). The weasels ingested the seeds of wild plants as well as those of the cultivar D. kaki. With 151 the exception of Physalis alkekengi (Solanaceae), the weasels did not ingest seeds of herbaceous 152 plants. The number of plant species whose seeds were found within feces of the weasels was greatest 153 in winter (11 species), followed by fall (six species) and spring (four species), and was lowest in 154 summer (two species) ( Table 1 ). The mean seed length and weight were 3.86±2.22 mm (range: 155 1.30-9.24) and 47.2±82.3 mg (range: 0.7-336.0), respectively. The total mean number of seeds 156 within a single fecal deposit was 44.6±42.4. We did not identify any destroyed seeds within weasel( Fig. 2 feces of both mustelids in the spring, two in the summer, four in the fall, and nine in the winter 165 (Table 1) . No differences were observed in either seed length (Mann-Whitney U-tests, df 1 =28, 166 df 2 =17, U=249.5 P=0.797) or seed weight (U=248.5, P=0.815) between the two mustelids. 167
The GLM shows that mustelid species, season, and their interaction all significantly affect the 168 numbers of seeds represented in the feces from 10, nine, and four out of the 28 plant species 169 observed, respectively (P<0.05; Table 1 ). The GLM also detected the effect of mustelid species 170 (z=9.74, P<0.001), season (z=-7.55, P<0.001), and their interaction (z=7.04, P<0.001) as factors 171 affecting the total number of seeds contained in the feces (Table 1) : the feces of martens contained a 172 greater amount of seeds than those of the weasels in spring and winter, but this pattern was not 173 observed in summer and fall (Fig. 2a) . However, the GLM did not identify any of these factors as 174 affecting the mean number of plant species whose seeds were found within feces (mustelid species: in seed dispersal has not been conducted until now. We found that weasels ingested the seeds of 17 187 different plant species (from 97 fecal samples) during the study period. This is much greater than the 188 number of total identified fruits on which European weasels (Mustela nivalis and M. putoris) fed 189
(1-2 species from 103 fecal samples: Rosalino and Santos-Reis, 2009). Furthermore, given that 190 almost all seeds within the fecal samples of the two mustelids were intact, they do not appear to be 191 seed destroyers, thus supporting the results of previous studies of other species (Herrera 1989; Zhou 192 et al. 2008 ).amount of intact seeds and/or seeds from a greater diversity of plant species than the more 195 terrestrial/carnivorous weasels. As we predicted, the total number of seeds within a single marten 196 fecal sample contained more seeds (both within each species and in total) than that from a weasel. 197
This difference may be due to differences in the number of S. praecox seeds in spring and of A. 198 arguta seeds in winter, both of which were more abundant within marten feces. Habitat preference 199 seems to be an important factor affecting this difference: terrestrial weasels can only access fruits 200 found on the ground, while semi-arboreal martens have access to fruits on the ground as well as in 201 the trees, such as those of S. praecox during the spring before they drop, as well as A. arguta fruits in 202 the winter that did not drop in the fall. 203
Contrary to our prediction, however, we did not observe a significant difference in the number 204 of seeds contained in the feces (both within each species and in total) between the two mustelids in 205 the summer and fall. This result can be attributed to seasonal changes in the staple foods of the two 206 mustelids. In summer and fall, martens mainly feed on animal matter which is abundant in these 207 seasons (Tatara and Doi 1994; Kusui and Kusui 1998; Nakamura et al. 2001), while weasels feed 208 consistently on animal matter throughout the year (Yukawa 1968; Sasaki and Ono 1994; Sekiguchi et 209 al. 2002) . Therefore, the relative value of fruit is reduced for martens in summer and fall, likely 210 causing the absence of a clear difference in fruit feeding between the two mustelids in these seasons.generalist feeding behavior. 213
As we predicted, martens ingested seeds from a larger variety of plants (28 species) than did 214 weasels (17 species). Contrary to our prediction, however, no significant difference was observed in 215 the mean number of plant species whose seeds were found within a single fecal deposit between the 216 two mustelids. This discrepancy between the diversity of plant species detected and the lack of 217 diversity of species number found within a single feces can be attributed to the short intestine and 218 consequential short digestion time of the mustelids (4.1-4.6 hrs, Hickey et al. 1999) . That is, for both 219 martens and weasels, only the contents of a single fruit feeding bout are likely to be excreted in a 220 single fecal deposit. 221
To be an effective seed disperser, fruit consumers cannot destroy the seeds they ingest, but also 222 they are expected to enhance (or at least have a neutral effect on) seed germination during its transit given plant species should be judged based on seed viability (Rosalino et al. 2010) . For example, the 228 martens in our study apparently engage in opportunistic fruit consumption, and there is a possibilitythat they could be less efficient (less specialized) dispersers. An evaluation of the impact of fruit 230 consumption on seed survival is necessary in the future. By confirming the effects of passage 231 through the mustelid gut on seed viability, we can gain a clearer understanding of how each mustelid 232 species varies in its dispersion of viable seeds from various plant species, which will ultimately 233 
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